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APPROVED
OBSTRUCT
Ten species of chaetognaths were identified from 
plankton collections taken from the inner continental shelf 
waters off Virginia in 1960* These were, in order of rela­
tive abundance, Sagitta serratodentata, g* elecrans* g* tenuis* 
£.• enflata, £. helenae. £. minima. £. hispjda. Pteroeagjtta 
draco* Erohnitta oaciflca* and g. biounctata. A key to the 
identification of these species and descriptions based on 
the collected specimens are given*
Seasonal maxima occurred in May for g* elecrana* in 
August for S. helenae* in September for S. tenuis and S.* 
enflata. in November for g* hisoida* and in December for g. 
serratodentata and g. minima * The remaining three species 
were rare: g. draco appeared in November and December, K.
pacifica from duly through September, - and g* biounctata in 
November* Catches of g* tenuis and JC* Pacifica constitute 
new northern records of their known distribution*
Specimens of g* tenuis displayed an intermediacy 
and overlapping of several characters that have been used 
for the separation of S. friderici from g. tenuis* Included 
among these characters are Tokioka*s TC values, the maximum 
body length, the number of teeth, the extension of the 
ovaries, and the size at maturity*
A simple method for estimating from catch data 
the temperature and salinity optima for the several species 
is presented. Comparison of the temperature optimum revealed 
a gradation from the cold-water g. elecrans to the tropical 
g. helenae* whereas the salinity optimum estimates varied 
from the neritic JS* tenuis to the more oceanic S. serrato- 
dentata. Reliable evidence for diurnal migration was found 
for g. tenuis only.
The seasonal similarity of the Virginia fauna with 
that from off the Carolinas is biological evidence for the 
breakdown of the Cape Hatteras temperature barrier during 
the warm months. The distinctiveness of Carolinian and 
Virginian water types and their associated chaetognath 
populations is not restored until winter, when cold temper­
atures eliminate "Carolinian species" from Virginia waters.
DEDICATION
This thesis is dedicated to the one person most 
responsible for my return to formal study— ray wife, Eileen 
Margaret Grant* The completion of this study is largely 
due to her tinderstending, encouragement, and self-sacrifice*
h c m m m m m w m
Acknowledgments are due to Mr. Robert S. Bailey 
for photographic assistance, to Mr* William H. Massraann for 
helpful suggestions in handling the data, to Mr* John J.
Norcross for advice in biometrical treatment® used, to Dr.
S. Dowe Bierce for suggestions concerning the identification 
of certain species, to Brs* Marvin I*. Wass and Bdwin B* Joseph 
for encouragement throughout the study, and to the entire 
staff of the Virginia Institute of Marine Science for generous 
assistance whenever it was requested.
T m m  of ccmmmB
Page
XOTROOTCTION........... . . . . . ...........  X
sonmam and materials . . . .........  * . . 3
IDENTIFICATION AND DESCRIPTION OF SPECIES . . .......... 6
Key to the Chaetognatha from Inner Continental 
Shelf Water® off Virginia.......................... 9
Saaitta eerratodentata Hrohn* 1 8 5 3 ............. #10
Raaitta. eletrans Verrlll, 1873 ....................  13
Saaitta tenuis Conant, 1896 . • • * . . • • . • • • 1 5
Saaitta enflata Grassi, 1883 • * * * • * . . . . • 1 9
sacdtta helenae Rifcter-Zahony, 1910 . . . . . . . .  21
finaAS&a. alnlM Grasai, 1881....................... 23
Sacritta hiapida Conant, 1895   25
Saaitta bipuncfcafca 0uoy and Gairaard, IS27 . . . . .  27
Pterogacrltta draco Krohn, 1853  . 29
Krohnltta paoMlca Alda, 1897 ...............   31
RELATIVE AMD SEASONAL ABUNDANCE ...................... 33
Relative Abundance of Species . . . . 3 4
Seasonal Abundance * . * * . . . . * . . . . . . . 3 5
DEPENDENCE m  PHYSICAL FACTORS . . . . . . .  ..........  39
Temperature and Salinity . . . . . . . . . . . . . 3 9
Day~night# Sur face-bottom Catches * . * * . . . . . 4 1
Relationship© of Individual Specie© to Physical 
Factors • * . . . . . . . . . . . . . . * . . . . . 4 2
i
SUMMARY AND CONCLUSIONS 
IflTERATBHRE CjET8UD •
hlBT OF FIGURES
Following
Page
1. Chart of lower Middle Atlantic region showing 
location of stations sampled by the R/V [Pathfinder*
December 1959 - December 1960. The 100-fathom
depth contour is indicated   . . . . . . . .  3
2. Generalized diagram of a chaetognath, with most
important diagnostic characters indicated . . . . .  7
3 * Saaitta serratodentata* 13.1 mm total length . . . .  10
4. Saaitta slogans. 13.5 mm total length, showing- 
characteristic lateral view 13
5. Seminal vesicles of Saaitta tenuis. Hot© division 
of vesicles into head and body regions, and circu­
lar cuticular process in head region ..............  15
6. Comparison of Tokioka*s TC values with those of 
Virginia specimens. Open circles ® Tokioka*a £. 
tenuis from Florida? dots « Tokioka'© £. friderici 
from Morocco? X*m « Virginian specimens of £.
tenuis. Modified after Tokioka (1955) . . ........  IB
7. Posterior body region of £. enflata. showing charac­
teristic arrangement of ovaries and testes . . . . .  19
8. Saaitta minima, a 6.1 mm specimen in lateral view, 
showing constriction at tail septum and depressed 
caudal segment  ......... . . .  ..............  23
9. Saaitta bipmctata. 12.4 mm total length . . . . . .  27
10. Seasonal abundance of all chaetognaths combined • . 33
11. Seasonal abundance of Saaitta serratodentata . . . .  35
12. Seasonal abundance of Saaitta eleaans. Tr » trace
numbers (leas than 0.005 per cubic meter). . . . . .  36
13. Seasonal abundance of Sagltta tenuis and £.
enflata  .............     36
iii
Following
Page
14* Comparison of optimum temperature estimates and 
tolerance limits for the ©even most common 
Virginian chaetognaths. Horizontal line ** range? 
hollow bar » one standard deviation on either side 
of mean? solid bar » two standard errors on either 
side of m e a n .........* ....................   40
IS* Comparison of optimum salinity estimates and toler­
ance limits for the seven most common Virginian 
chaetognath© * Explanation as in Fig* 1 4 * * * * * *  40
16. Abundance of Saaitta serratodentata in relation 
to the temperature and salinity recorded at sites
of catch. Dotted ** abundant (100 specimens or more)? 
diagonal lines » numerous (11-99 specimens)? cross- 
hatched « few (1-9 specimens).........  42
17. Abundance of Saaitta .lagans In relation to the
temperature and salinity recorded at sites of catch.
See explanation under Fig* 1 6 . . * * * . * . . . . .  43
18* Abundance of Saaitta tenuis in relation to the
temperature and salinity recorded at sites of catch.
See explanation under Fig* 1 6 . . * * . . . . * * . .  44
19. Abundance of Saaitta enfiata in relation to the 
temperature and salinity recorded at sites of catch*
See explanation under Fig. 1 6 . . . . . . * . . * * .  45
20. Abundance of Saaitta helenae in relation to the 
temperature and salinity recorded at site® of catch*
See explanation under Fig* 1 6 . . . . . * . * . . . *  45
21. Abundance of Saaitta minima in relation -to the 
temperature and salinity recorded at sites of catch.
See explanation under Fig* 1 6 . . . . * * . * * . . .  46
22* Abundance of Saaitta hisolda in relation to the
temperature and salinity recorded at sites of catch*
See explanation under Fig* 1 6 . . * * * . . * * * . .  46
iv
t&st OF TABXES
Following
Pag©
I* Relative abundance of spool©© . . . . . . . . . . . .  34
3* The percentage of successful tow® by month® in four
categories of sample® for all chaetognaths . . * . * 41
3* Average catch per tow of the most common Virginian 
chaetognaths in sample categories. Pawn and dash 
tow® are omitted* Tow® are 20-minute Clarke-Bumpus 
hauls at 3 knot® . . . . . . . . . . . . . . . . . .  42
v
INTRODUCTION
The Chaetognatha, a planktonic animal group of 
interest to tooth oceanographers and zoologists, have been 
treated in numerous reports issuing from studies of the 
waters along the eastern coast of the United States.
Studies in the Hew England region include those of Bigelow 
(1914, 1926), Fish (1925), Clarke and Sinn (1937), Redfield 
and Beale (1940), and Clarke @t al* (1943). The waters off 
the Middle Atlantic states, from Cape Cod to Cape Batteras, 
have been included in studies toy Bigelow (1922), Cowles 
(1930), Bigelow and Sears (1939), and recently the interesting 
report toy Deevey (1960)• South of Cape Batteras the coverage 
is perhaps more complete, due largely to the efforts of Dr.
B. Lowe Pierce. The chaetognath fauna off North Carolina is 
described in report® toy Sutcliffe (1950), Pierce (1953, 1958), 
and Bumpus and Pierce (195S). The extensive collections of 
the R/V T. Jl. Gill off the southeastern coast axe treated in 
a report toy Pierce and Was® (in press). The chaetognaths of 
Florida are known from a study off Miami by Owre (1960) and 
off the west coast toy Pierce (1951, 1954).
Review of this regional literature reveals a rather 
sharp decrease in numbers of species north of Cape Batteras. 
Whereas there had been a dozen species reported from water® 
off the southeastern coast, only half this number had been
reported north of Batteras until recently, when Deevey (1960) 
revealed the presence of three “southern” species in plankton 
collection© from Delaware Bay. That this does not reflect a 
change in fauna is evidenced from the dates (1930—1933) of 
these collections, which were mad© coincidentally with those 
of some of the earlier studies in this area. On the basis 
of the resulting uncertainty of the extent of present know­
ledge of the chaetognath fauna and the general lack of in­
tensive seasonal studies of this group in the past, the 
Middle Atlantic region may be designated the least well 
known area of the Atlantic coast of the United States.
In December, 1953, the Ichthyology ©action of the 
Virginia Institute of Marine Science initiated a series of 
monthly cruises over the inner continental shelf waters off 
Virginia. Publications resulting from these cruises include 
those of Joseph et al. (I960), Norcross ©t al. (1361a),
Terry (1961), and Massmann et al. (1362), in addition to 
several data reports. The plankton collections of the 
Institute’s R/V Pathfinder provided an excellent source ©f 
material for an intensive study of the chaetognaths in 
Virginia waters, and were made available to me for that 
purpose.
METHODS A W  MATERIALS 
The survey area sampled by the E/V Pathfinder from 
December, 1959, through December, 1360, is delineated in 
detail toy Joseph et al. (I960). Six east-west transects, 
from latitudes 36° 40* N. to 37° 30* N. and embracing the 
entrance to Chesapeake Say, were sampled at ten-mile intervals 
to approximately 40 miles offshore* Additionally, three sta­
tions were regularly occupied within the bay on a line running 
from the mouth of the bay to the mouth of York River (Fig. 1). 
Depths at these stations ranged from 20 to 120 feet.
A variety of nets was used during this first year 
of offshore sampling, including meter nets, half-meter nets, 
Clarke-Bumpu© samplers, and the Gulf III sampler- Tows were 
made horizontally at the surface and at a safe distance over, 
but close to, the bottom. Tows were of 20 minutes duration 
and made at an average vessel ©peed of three knots. Surface 
and bottom temperatures and salinities were obtained at each 
station (Joseph et al., 1361? Borcross et al., 1961b). Plank­
ton sample© were preserved in approximately S percent formalin 
on shipboard for later sorting and identification.
Chaetognaths were removed from a surface and bottom 
sample from each station, counted, and placed in vials of 4 
percent buffered formalin for subsequent identification.
Fig. 1. Chart of lower Middle Atlantic region showing
location of stations sampled by the R/V Pathfinder 
December 1959 - December 1960. The 100-fathom 
depth contour is indicated.
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Clarke-Bumpus samples were utilized wherever available in 
deference to the somewhat better condition of the specimens, 
the convenient size of the samples, and the relatively con­
sistent use of these samplers* With samples containing over 
100 specimens, a total count was made and a random sifbsample 
of 100 removed for identification*
Where €larke-Bumpus samples were not available, 
chaetognaths taken in other types of gear were removed.
These, however, could not be used in later analyses* Catches 
from the various nets were not comparable when reduced to a 
per-volume basis, apparently due to different fishing charac­
teristics* For example * in a series of comparative surface 
tows, half-meter nets were found to catch only twice as many 
chaetognaths as did the Clarke-Bumpus samplers, whereas the 
straining capacities of these two types of gear differ by a 
ratio of 14*7tl* Obviously, any inclusion of these larger- 
net catches in a catch—per-unit-mffort treatment of the data 
would tend to reduce resulting mean catches and, of more 
importance, would mask real differences and trends because 
of the inconsistent use of these nets from month to month.
h punch card was utilised for each tow sampled* 
Pertinent hydrographic, locality, and gear data, along with 
identifications, were entered on each card, which was later
«*► 5 **
code-punched * This system greatly facilitated later tabu­
lations and analyses.
immtwxchTtm w  description of species
The difficulties encountered in identifying the 
Chaetognaths are perhaps best stated by Michael (1908) t
“It is the testimony of all, who have attempted 
the identification of the Chaefcognatha, that, for so 
small a group, they offer an immense amount of diffi­
culty. The several species are very similar in ap­
pearance b o  that one is compelled to seek among 
details of structure for valid taxonomic characters. 
There is, moreover, considerable variation in most 
of the characters ...
It was this variability of characters that led to 
considerable taxonomic confusion in early works and continues 
to complicate the taxonomy of the group to a lesser extent 
at the present. Much of this confusion was resolved when it 
became the practice of chaetognath investigator© to record 
the total length (in size classes) of the specimens along 
with the respective meristic counts and morphemetric measure­
ments . It then became obvious that these characters varied 
with size (or age) of the specimens, and that only specimens 
of equal size could be compared for taxonomic purposes. 
Although this practice has not been adhered to recently 
(especially in Atlantic studies), it should, due to the 
evolving taxonomy of the Chaetognatha, be continued so that 
published reports will be of use in establishing the distri­
bution of not only present taxa, but any future subdivisions 
of existing taxa.
The Chaetognatha, at the present time, are in need 
of a major revision. The genus Saaitta. which contains the 
great majority of species, also contains distinct groups of 
species. Th© species within these groups are obviously more 
closely related to each other than to any other species within 
the genus, yet under the present system of nomenclature all 
have identical rank. The dearth of taxonomic character© ha© 
prevented th© splitting of the genus Saaitta. and perhaps th© 
establishment of subgenera would be the most useful means of 
setting off these natural group® of species.
The most valuable characters used in the separation 
of specie© are the shape and position of the seminal vesicles? 
the absence or, if present, the size and extent of the collar­
ette? the numbers of hooks, anterior teeth, and posterior 
teeth? the degree of completeness with which the lateral fin© 
are rayed? and, the position of the anterior fins in relation 
to the ventral ganglion (Fig. 2). Keya for th© identification 
of chaetognaths may be found in Ritter-Zahony (1911), Michael 
(1919), Thomson (1947), Fraser (1952), Suarez-Caabro (1955), 
and Sund (1959). Other pablications found most useful for 
identification include those of Fowler (1905, 1906), Ritter- 
Zahony (1910), Tokioka (1939, 1955), Dakin and Colefax (1940), 
Fraser (1957), and Furnestin (1957).
PO STERIOR TE E TH
AN TER IO R  TE E TH
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Fig. 2. Generalized diagram of a chaetognath, with most 
important diagnostic characters indicated.
It is hoped that the following descriptions of 
species# based on specimens from this study, will aid 
regional investigators in future determinations, and that 
the bey preceding them will aid in accurate identifications 
by non-specialists * The counts and measurements listed 
under "Virginia specimens * were made on chaetognaths from 
the present collections.
KEY TO THE CHABTOGEATHA FROM IBfsiBR GONTZKSNVAL SHELF WATERS
OFF V IR G IN IA
I. With a single pair of lateral fins  ........... 2
1*. With two pairs of lateral fin® (Genus Saaitta) .... 3
2(1). 'Lateral fins lying entirely on tail segment? two
paired rows of teeth  ......  Fterosaaitta draco Krohn
2*. Lateral fin© extending over posterior third of trunk? 
one paired row of teeth ...... Krohnitta pacifica Aida
3(1*). Tail segment short, less than 24 percent in total
length? anterior fins separated from ventral ganglion 
by a distance at least equal to the length of the
latter  .......     4
3*. Tail segment long, more than 24 percent in total 
length? anterior fins usually reaching the ventral 
ganglion and never separated from it by more than 
half its length  .......   6
4(3). Posterior lateral fine with inner, median zone ray-
less? body tumid, flaccid, and very transparent ......
 ............. S.. enflata Grassi
4*. Posterior lateral fins entirely rayed? body firm,
less transparent, and not tumid  ....   5
5(4*). Anterior fins completely rayed? seminal vesicles 
large, conical? a large species, not mature before
12-13 millimeters  ........... S.. eleaans Verrill
5*. Anterior fine rayless, or with only a few rays near 
middle portion? seminal vesicles minute, ovate? a 
small species, mature at 5-6 millimeters .............
................................... £. minima Grassi
6(3 *) . Seminal vesicles widely separated from posterior
fins? collarette extending to seminal vesicles ......
 .....   £. bipttfictata Ouoy and Gairaard
6*. SeminaI vesicles near or adjacent to posterior fins, 
collarette does not extend beyond ventral ganglion ... 
......         7
7(6*). Inner margin of hooks serrated? lateral fins partial­
ly rayed «...........*....... £. aerratodentata Krohn
7*. Inner margin of hooks entire? lateral fins completely 
rayed  ......     @
10 -
8 {7 *). Collarette small, extending less than one-third the
distance from head to ventral ganglion .......
.........   * * *----• • *--- *.... . S.* JtBMl&g. Conant
8** Collarette large, extending more than one-third the 
distance from head to ventral ganglion ........... . 9
9(8*). Anterior teeth broad, overlapping, often fanned out 
anteriorly, and numerous (8-12 in specimens over 8 
millimeters); gut diverticula© absent; body trans­
lucent to opaque ............ S.* helenae Ritter-Zahony
9** Anterior teeth narrow, not a© in S. helenae. less 
numerous (5-8 in specimens over 8 millimeters); gut 
diverticula© present; body opaque .. S.. hlsoida Conant
Saaitta serratodentata Krohn, 1853 (Fig. 3)
Body thin, pin-shaped, moderately opaque* Tail 
segment tapering evenly from tail septum to pointed tip, 
24-33 percent of total length. Inner margins of hooks 
serrated, the serrations visible at magnification of 1G0X 
in most specimens over 5 xm in length* Books 6-8 Con each 
side); anterior teeth 0-7; posterior teeth 0-13. Lateral 
fins partially rayed* Anterior fins narrow, tapering, ex­
tending anteriorly to posterior edge of ventral ganglion. 
Posterior fins lying more on trunk than on tail segment# 
widest just behind tail septum. Seminal vesicles prominent# 
close to or adjacent to posterior fin. Collarette absent 
or inconspicuously small. Cut diverticula© absent* Food 
in gut resembling oil droplet® consistently and uniquely 
enough to serve as a useful aid to identification under low 
magnification. FormuXae t
Fig. 3. Sagitta serratodentata, 13.1 mm total length.
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Total Tail segment Ant* Post No. of
Virginia specimenst
16 26.5 6—6 4-4 10-12
15 —
14 24.8-25*9 6-8 2 (7)-6 8— 10
13 24 *4—26*8 7-8 5-7 7-13
12 24.6-27*5 6-8 3—6 8-11
11 25*2-27.7 7-8 3-6 5-11
10 25.2-27.2 6—8 2—4 5-9
9 25.5-27.3 7-8 2-6 4-8
8 25.9-28.4 6-8 0-3 4—6
7 26.7-29.6 6-8 0-2 2-5
6 26.6-30.8 7-8 0-2 2-5
5 27.3-32.7 6—8 0-2 0-0
4 28.9 6—8 0-0 0-0
Australia (Thomson, 1947) - £. s* tasmanicai
18-20 22-24 7 7-9 15-19
16-18 22-26 6-7 7-9 15-17
14-16 22-26 6-8 7-9 13-16
12-14 23-27 6—8 6—8 11-16
10-12 23-27 6-8 6—8 10-12
8— 10 23-27 6-9 4-7 6-12
6-8 24-28 6-8 2-4 5-8
4—6 26-28 6-8 1-2 3-5
Australia (Thomson, 1947) - £. ». atlantica t
12-14 24-26 5-7 7-10 11-14
10-12 24-27 5—8 7-9 11-14
8-10 24-27 7-8 5-8 8-14
6—8 23-31 6-9 4-7 8-14
4-6 25-30 6—8 3-6 4-6
2—4 27-31 6—8 1-3 2-4
Bay of Biscay (Fowler , 1905) - S. serratodentata*
10-15 25-35 6—8 4-7 7-13
Cuba (Suares-Caabro, 1955) - S.,. serratodentatat
8-10 23.0—28 *4 6—8 6-10 12-18
7-8 25.0-28.4 6-7 6-9 10-16
6—7 24.3-31.7 6—8 6-8 9-15
5—6 26.6-34.4 6—8 6—8 8-12
1
0
4 
9
10
12
5 
8
10
5
6 
4 
1
75
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The above records of tooth counts and body measure­
ments clearly indicate the presence in the western Atlantic 
of more than on© subspecies of £. aerratodenta.ta« The much 
higher tooth counts of the Cuban specimen® are midway between 
the counts for s.. pacific© and £. jg.* atlantica listed by 
Thomson (1947). The figure drawn by SuareE-Caabr© (1955)* 
however, show© the papillae characteristic of the seminal 
vesicles of f , atlantica. The Virginia counts and those 
from the Bay of Biscay* although somewhat lower, are in the 
range of JU jr.. tgsmanfca. The seminal vesicle© in Virginia 
specimens were similar to those figured for S3, ju tasmanica 
(Thomson, 1947). The lack of published count© and measure­
ments of jr. gerratodentata from studies along the eastern 
coast of the United States precludes any statements concerning 
the rang© of these two subspecies at the present time* j|. jr* 
tagnymicq Thomson* 1947* is reported by Fraser (1957) as 
inhabiting the more northerly waters of the eastern Atlantic*
J3. gerratodentata ha© been reported by all who have 
investigated the chaetognath fauna along the eastern coast of 
the United States. It Is usually described a® an epiplank- 
tonic* warm-water chaetognafch common to all oceans.
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Saaifcfca eleaan? Verrill, 1873 (Fig* 4)
Body firm, with characteristic lateral view? moder­
ately opaque, except in lateral view where ©pace between longi­
tudinal muscle band© is transparent* Tail segment ©tort, 18-24 
percent of total length* Books 8-11? anterior teeth 2-5? pos­
terior teeth 3-12* Lateral fins completely rayed* Anterior 
fin narrow, separated from ventral ganglion by a distance 
greater than, but less than twice, the length of the ventral 
ganglion. Posterior fins widest at level of tall septum or 
slightly anterior to it, more than two-thirds of their length 
included on trunk segment. Seminal vesicles conical (tri­
angular in dorsal or ventral view), close to caudal fin and 
separated from posterior fin by a distance exceeding the 
length of the vesicle* Collarette not readily apparent, ex­
cept in largest specimens. Out diverticula© present.
Formulae*
Total Tail segment Ant. Post. Eo* of
length tarn) (Xtotal length) Hooka t e e t h teeth specimens 
Virginia specimens*
20 21.9 10-10 4-5 11-12 1
19 18*8 10-10 7 11-11 1
18 19.4 10-10 ? 11-12 1
17 19*7-21*7 10-11 4-5 11-12 4
IS 20.3-21*0 10-11 4—5 10-11 4
15 20.9-23.4 9-10 3—5 9-11 4
14 20.7-21*5 9—10 5-5 10-11 3
13 2 0.0-22.2 9-11 4-5 9-12 6
12 19.1-21.3 9-10 3-5 7-10 6
11 19.5-22.0 9-11 3—5 8-11 a
10 18.3-23.2 9-11 2-5 6-10 8
Sagitta elegans , 13.5 mm total length, 
characteristic lateral view.
showing
— 14 —
Total Tall segment Ant* Post* Ho* of
length (mm) (% total length) Books, teeth teeth specimens 
Virginia specimens (continued)
9 18*8-23*2 8-10 3-4 6—8 ©
8 22,2-229 9-10 3-4 7-7 2
7 20,3-22*5 8-10 2—4 5-7 8
6 24.2 7-10 2-2 3-4 . .*
65
Ritter-Sahony * © specimens (Ritter-2?ahony, 1911)* 
£* elegant. slogans. Ritter-Zabony* 1911
20-24 22-16 9-11 6—0 13-19
15-19 24-16 9-11 5-8 9-1©
10-14 25-17 0-1 0(11) 3-7 (8) 8-1©
5-9 26-22 8-9 3-4 6-12
ftl&Sttft §M£.U£3. Ritter-Sahony, 1911
20-24 20-16 10-11 5-8 12—IS
15-19 20-1© 9-10 5-7 9-14
10-14 25-17 9-10 2—7 5-11
6-9 27-21 8—9 2-3 1-4
baltica Rifeter-Zahonv, 1911
19—20 13-10 9-8 ©—S 14-15
16-18 16-12 10-9 4—6 12-15
14-15 16-13 8-10 4-5 11-13
Conant*s specimens (Conant, 1896)*
&• Verrill# 1873
25—30 20 9-12 5-7 12-15
The tooth counts from the Virginia specimens of 
§.* slogans are notably lower than those for any of the three 
subspecies defined by Ritter-Eahony (1911) * There would be 
little value, however, in describing a new subspecies for 
these specimens* Huntsman (1919) has shown intergradation
between £. iteMM. ***& £* &* .ffillffl *•* Labrador waters* 
Xt is quits probable that counts made on specimens taken
along the Atlantic coast north of Virginia will reveal a 
complete gradation of counts. Until such counts are avail­
able , no new taxa should be added.
1?he southernmost record of JS. elagans along the 
Atlantic coast is that of Sutcliffe (1950), who found it 
among material collected by the Albatross 111 just north of 
Cape Hatteras, Horth Carolina. It has been reported by all 
authors describing the ehaetognaths from Chesapeake Bay to 
the Gulf of Maine* In the Gulf of Maine it is, by far, the 
most abundant species, and reportedly the only endemic 
species.
£* ©leuans is described as an epiplanktonic, neritic, 
cold-water species found only in the northern hemisphere.
Baaiita tenuis Conant, 1896
Body firm, translucent, flail segment 27-33 percent 
of total length. Hooks 6-9? anterior teeth 2-7? posterior 
teeth 4-18. Lateral fins completely rayed, the rays directed 
perpendicularly to body in anterior portions. Anterior fins 
tapering, extending forward to posterior edge of ventral 
ganglion. Posterior fins lying more on caudal segment than 
on trunk, widest behind tail septum. Mature specimens with 
a distinct circular process (Pig. 5) in the cuticle of the 
head region of the seminal vesicles, as figured by
Fig. 5 Seminal vesicles of Sagitta tenuis. Note division 
of vesicles into head and body regions, and circu­
lar cuticular process in head region.
16 -
Suarez-Caabro <1955) and similar to the process described 
for M  punctata by Eifter-2.ahony (1910)* Seminal vesicles
adjacent to both caudal and posterior fins* Collarette 
small# but readily visible in larger specimens* Cut diver­
ticula© absent. Ovaries reaching anterior fins in mature 
specimens. Forrau lae t
Total Tail segment tot* Poet* No. of
length (mm) (% total length) Hooks teeth teeth specimens 
Virginia specimens*
11 28.1—29*2 7-8 7-7 14-16 3
10 27 *4—30.6 7-9 5-7 13-18 9
9 27*1—30*9 7—9 5-7 11-16 20
8 28.0-31*8 7-9 4-6 10-16 16
7 28.6-31*6 6-9 (2)3-5 8-14 4
6 29*7-32*3 7-9 3-6 7-13 8
5 31.4 7-8 3-4 6—7 1
4 33.3 8-8 3—4 4—5 .JL
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coast of Florida (Tokioka, 1955) s
8*2 29 7-7 6-7 13-14 1
S 28 9-9 6-7 16-17 1
7*6 28 8-8 6-7 16-17 . . *.
3
West coast of Florida (Pierce# 1951).# measurements exclude 
caudal fin*
8 27 8 7 15
7 26 7-8 6—7 18-19
6 25 
tba (Suarez-Caabro# 1955)#
a 6 15
5.5-6.1 25.0-30.4 6—8 5—6 9—12 27
5*0-5*5 24.5-31.5 6-8 4-6 6-12 47
4*5-5.0 21.3-32.6 6—8 4—6 5-10 55
4 • 0—4' • 5 25 *0—33 *4 6—8 4—6 5-9 26
3.5-4.0 25.7-32.5 6—8 3-6 4-9 25
3.0-3*5 27*5-35.5 6—7 3-5 5-6 .n .
193
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Total Tail segment Ant* Post* No. of
length (mm) i% total length) Hooka teeth teeth specimens 
Honduras (Suaress-Caabro and Madruga# I960) t
7-8 26*7-27.7 7-8 4-7 10-13 3
4-5 27.5-28.5 6-8 4-5 6-8 4
7
Measurements of five specimens listed under j|# 
tenuis » friderici in Sund (1959) are notably different than 
those given above* These Pacific specimens were labelled 
£. friderici. but possess a shorter tail segment than either 
J3. tenuis or J[. friderici a® described by Tokioka (1955).
Pierce (1951) aynonymized J3. friderici. Ritter-Zahony 
under S.* tenuis Conant after comparing the descriptions and 
figures of these two species with specimens from the west 
coast of Florida. Subsequent authors (Faure# 1952? Fraser # 
1952? Vannucci and Hosoe, 1952? and Fumes tin # 1353) have 
maintained that the two specie® are separable. Tokioka 
(1955), in an Interesting comparison of S.* tenuis from 
Florida waters with JU friderici from the waters of Morocco, 
concluded that differences in body sise* tooth counts, ovary 
length# and appearance- of the seminal vesicle® were not of 
specific importance. One essential difference between the 
two series of specimens was the proportion of the posterior 
fin lying on trunk and caudal segments. He expressed this 
proportion as s
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anterior part of the posterior fin along the trank
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posterior part of the posterior fin along the caudal 
segment
Whereas many of the Virginia specimens exceeded 
the maximum body length reported for £* tenuis in other areas, 
and this was one of the principal differences between £* tenuis 
and 35. friderici listed by Fumes tin (1957), the TC values of 
38 of these specimens were calculated and are presented in 
Fig* 6 along with Tokioka*s findings* Obviously, no sepa­
ration of the two species (if they are indeed distinct) can 
be made on the basis of this character.
The differences listed as specific by Fumes tin 
(1957) are mostly those that had been previously declared 
non-specific by Tokioka (1955), i.e., the maximum body length, 
the number of teeth# the extent of the ovaries (not beyond 
posterior fin in £. tenuis), and the ©ire at sexual maturity 
(5—6 mm for £. tenuis * but not before 9 mm for £. friderici) *
In regard to the latter two characters, the Virginia specimens 
revealed extension beyond the posterior fin of ovaries in 
mature specimens measuring 5.6-10*5 mm, thereby eliminating 
these characters as valid differences*
SL* .tenuis has been reported only as far north as 
Cape Hatteras along the eastern coast of the United State®.
The present collection® represent a new northern record for
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Fig. 6. Comparison of Tokioka1s TC values with those of 
Virginia specimens. Open circles = Tokioka 1 s S_. 
tenuis from Florida; dots = Tokioka ' s S_. friderici 
from Morocco; X's = Virginian specimens of S_. 
tenuis. Modified after Tokioka (1955) .
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the species. Until the taxonomic status of JS. friderici is 
settled by examination of abundant material from a wide 
geographic rang®, the distribution of f[. tenuis will remain 
In doubt.
Sacritta enflata Grass 1, IBS3
Body tumid, flaccid, and transparent. Tail segment 
short, 16*24 percent of total length. Books 8-11? anterior 
teeth 3-10? posterior teeth 4*15* lateral fins partially 
rayed. Anterior fins separated from ventral ganglion by a 
distance of 2-4 times the length of the latter. Posterior 
fins rounded, lying more on trunk segment than on tail.
Seminal vesicles small, ovate, close to caudal fin, and sepa­
rated from posterior fin by a distance equal to twice the 
length of the seminal vesicle. Ovaries short, not extending 
beyond anterior edge of posterior fins {Fig. 7}. Collarette 
absent. Gut diverticula© absent. This species is the most 
easily recognised of those present in Virginia waters. 
Formulae?
Total Tall segment Ant. Post. Ko. of
length (mm) (% total length) Books teeth teeth specimens 
Virginia specimens t
20 17.9 11-11 8-10 15-15 1
19 — 0
18 19.1 9—9 8-9 13-14 1
17 17.1 9-10 7*7 11-12 1
16 18.1-18.2 8-9 7-8 11-12 2
15 18.7-19.0 8-11 7-10 9-14 4
14 19.2-19.6 >-11 7-8 11-13 3
Fig. 7. Posterior body region of JS. enflata, showing charac­
teristic arrangement of ovaries and testes.
Total 
length' (ram)
- 20
Tail segment 
(% total lenath) Books
Ant.
teeth
Post.
teeth
SO. 03
..-ipecimi
Virginia specimen© (continued)
13 18*2-21*6 9—10 6—8 10-13 7
12 16.3-18.9 9-10 5-7 7-12 3
11 17.5-21.6 8-10 6-7 7-11 5
10 18.0-20.5 3-10 5-7 8-11 9
9 18.9-21.2 3-11 4—6 6-3 18
a 13.5-22.6 9-11 4—6 6-9 4
7 20.0-21.9 9-10 4-5 5-9 3
3-6 24.1 18-11 3-3 4-4 .. 1 ,
62
West coast of 
caudal fin*
Florida (Fierce, 1951), measurement© exclude
20-21 15 9 11 15
18-19 15-17 & 7-9 13-14
16-17 17 8 9 14
14-15 16-17 8-9 7-3 10-13
12-13 16-18 8-9 6-7 11
10-11 17 8-9 5 8
8-9 15-18 
Cuba (Suarez-Caabro, 1955) *
8-9 5-6 8
18-22 14.4-16.5 9 10-14 12-17 3
14-18 14.3-19.3 7-10 6-11 9-17 14
10-14 15.2-21.8 7-11 7-12 9-16 29
5—10 15.8-23.8 6-11 4-11 6-14
62
£. enflats is an epiplankfconic, warm-waier specie© 
recorded from all major oceans* along the Atlantic coast it 
has been reported from the Gulf of Maine, where it occurs as 
a stray from the Gulf Stream, to Florida, where it is the 
most abundant chaetognath* This dominance extends over the 
shelf waters a© far north as Cape Hatfceras. Forth of this
point, it is less abundant and occurs only seasonally.
Sacritta helenae Ritter-Zahony, 1910
Body robust, firm, and translucent. Tail segment 
tapering to blunt tip, 27-33 percent in total length. Books 
6-8 , usually 7-7? anterior teeth 4-12, more numerous than 
posterior teeth in half the specimens counted? posterior 
teeth 4-13. Lateral fins completely rayed, rays in anterior 
portions perpendicular to body. Anterior fin extending 
forward to posterior edge of ventral ganglion. Posterior 
fin lying more on caudal segment than on trunk, widest behind 
tail septum. Seminal vesicles similar in shape to those of 
£. tenuis, but lacking circular process. Vesicles adjacent 
to posterior fin© and connected to caudal fin by a thin layer 
of tissue. The main body of the vesicle, however, separated 
from the caudal fin by a distance equal to about one-fifth 
the length of the former. The separation of the vesicle into 
two distinct regions not a© well developed as in S.. tenuis. 
Collarette large, extending from one-third to one-half the 
distance from head to ventral ganglion. Gut cliverticulae 
absent. Mature ovaries long, reaching ventral ganglion (a 
12.8 mm specimen had ovaries passing ventral ganglion). 
Formulae*
22 -
Total Tail segment Ant* Post* Ho. of
length (mm) (% total length) Books teeth teeth specimen® 
Virginia specimens*
11-14 28.9-31,9 6-7 9-11 10-11 3
10 28.3-30,5 6—8 10-12 8—13 9
9 27.7-31.9 7-7
HI»OfH**%\8 8-11 5
a 26.8-30.6 7-8 8-10 8-10 3
7 28,6-31.2 7*7 5-9 7-10 3
6 29.5-32.8 6-7 5-8 7-8 4
5 29.4-33.3 6-7 4—8 7-8 3
30
West coast of Florida (Fierce, 1951), measurements <
caudal fin*
14-15 24-25 7-8 15-16 11-14
12—13 24 7 15 11-12
10-11 25-26 7-8 11—16 11-12
8—9 26-28 6-8 9-12 9-13
6-7 25-27 6-7 8-10 7-10
Tortugas (Hitter-Sahony, 1910, 1911)*
11—13 23-25 7-8 15-18 12-15
9-11 24-28 7-8 12-17 11-14
7-9 25-30 7(8) 10-15 9-12
This species is best separated from the very simi­
lar hlg.pida by the shape and arrangement of the anterior 
teeth, which in £. helenae are broad, overlapping, and more 
numerous. Some authors separate the two species on the basis 
of £. helenae having more anterior than posterior teeth. But 
this is not always the case. Among the 30 Virginia specimens 
on which tooth counts were made, those which had fewer anterior 
teeth than posterior were egu&l in number to those with the
reverse situation. The anterior teeth of j»* hiaoida axe 
shaped differently and are lose numerous.
&• helenae has a restricted distribution, being 
limited to the waters off the Atlantic coast ©f the United 
States and to the Gulf of Mexico. The most northerly record 
of its occurrence is that of ©eevey (I960), who found it 
outside Delaware Bay. The present collections hint that the 
species may be of more importance in the Middle Atlantic 
region, if only seasonally, than the literature suggests.
This species ha® probably been erroneously reported as JU 
bipunctata.
Sacritta minima Grassi, 1881 (Fig. 8)
A small species, body fragile and fairly transparent? 
a pronounced constriction at tail septum* Tail segment short, 
narrow, and pointed? 18-22 percent of total body length* Head 
narrow and long, not much wider than neck region (as compared 
with S.. plagans of egual sis®, Which has a relatively large 
head). Hooks 7-8? anterior teeth 2-5? posterior teeth 6-11. 
Anterior fins very narrow, ray less ©r with a few rays near 
center of fin, separated from ventral ganglion by a distance 
egual to the length of the latter. Posterior fin® completely 
rayed, rays directed at right angles to body? lying more on 
trunk than on tail segment. Seminal vesicles minute, close 
to caudal fin, and separated from posterior fins* Collarette 
absent. Gut diverticula© present, but difficult to distinguish
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because of character is tica1ly large , dilated gut. Ovaries 
short and thick, not extending beyond posterior fins, but 
completely filling trunk coelom in region that they occupy* 
Formulaet
total toil segment Ant* Post* Ho. of
length (mm) (% total length) Hooks teeth teeth specimens 
Virginia specimens*
a 18.3-19.8 7-8 4-5 8-11 3
7 18*8-21.6 7-8 3-5 6-11 8
6 19*1 7-7 2-3 7-7 __
12
Ri tter-Zahony (1911)*
7-9 16-20 7-8 4-5 9-14
5-7 16-20 7-8 3—5 6-12
4-5 18-24 7 2—3 6—9
Australia (Thomson, 1947)*
8-9 16-18 7-8 3-4 9-10
7—8 17-23 7-10 3—5 7-10
6-7 17-26 7-9 2-5 4—11
5—6 18-24 7-11 1-3 2—5
4—5 22-26 7-10 1-4 1-4
3-4 22-27 a 0 0
Morocco (Fumestin, 1957), average counts and percentages*
8 17.0 7.5 4.2 10.8
7 18 .4 7.5 3.8 9.7
6 19*2 7.5 3.4 7.8
5 21.0 7.5 3.0 6.8
There are no published count® and measurement© 
available from specimens taken in the western Atlantic. The 
tooth counts made on Virginia specimen©, however, are in 
good agreement with those from other areas.
This small species is found in the Atlantic# Pacific* 
and Indian Oceans* characteristically in deeper layers, Along 
the ©astern coast it is common in collections from Florida to 
Cape Batteras, Although Deevey (I960) described her col­
lections of this specie® off Delaware Bay as a new northern 
record* it had previously been reported from waters off Long 
Island - (Bumpus anti Pierce* 1955) « This species has possibly 
been confused with young £* elagans in earlier studies,
Saeritfca hiaplda Conant, 1895
Body robust* firm# opaque, Tail segment long# 29- 
32 percent of total length. Books 6-8 ? anterior teeth 3-8? 
posterior teeth 6-12, Lateral fins completely rayed. An­
terior fins extending forward to ventral ganglion. Posterior 
fins lying more on caudal segment than on trunk? widest behind 
tail septum. Seminal vesicles adjacent to both caudal fin 
and posterior fins# but with the main body of the vesicle 
separated by a distance equal to half its length from the 
caudal fin* Collarette large# extending at least half the 
distance from head to ventral ganglion? in a few specimens 
reaching the anterior fins. Cut diverticula© obvious# except 
in most opaque specimen®. Ovaries extending to ventral 
ganglion in one of Virginia specimens. Formulaes
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Total Tail segment Ant. Post. Ho* of
length tea) (% total length) Hooks teeth teeth specimens
Virginia specimens t
14-15 29.6 7-7 7—8 10-11 1
12—13 31.5-32.1 7-7 5-7 9-11 2
10-11 29.5-31.9 7—8 5—8 8-12 7
8-9 28.7-32.1 6-8 5—8 6-10 10
6-7 29*4-32.4 7-8 3-7 6-9 8
4-5 30.2 6-7 3-3 7-8
29
W&mt coast of Florida (Pierce# 1951), measurements exclude 
caudal fin*
12-13 26 0 7 10
10-11 26-29 7-a 6-9 10-12
8-9 26-29 7—S 6-9 10-12
6-7 27-23 7-9 5-6 7-10
4-5 26-27 
Cuba (Guares-Caahro# 1955) s
6— 0 4—6 10-11
12-14 23.1-26.4 6-8 6—8 9-12 3
11-12 24.1-28.3 6-8 6-10 9-15 5
10-11 26.6-29.4 7-a 7-8 8-11 6
9-10 28.5-31.0 7 7-10 9-13 5
8-9 24,4-29.7 7-a 5-8 9-11 8
7-8 21.0-29.3 7-a 6-9 9—11 14
6-7 28.5-31.7 6-7 5-7 7-10 8
5-6
Honduras
28.0-36,2 
(Stxares-Caabro and
6—9
Madruga#
5-6 
I960)»
6-11 __flL
57
9-11 28.5-30.0 7-8 8-9 8-12 3
8-9 28.9-32.9 8-9 6— 10 9-13 48
7-8 26.3-34.7 5-9 6-9 9-13 348
6-7 27.1-32.9 6-10 5-18 6—13 279
5—6 27.3-35.3 5-10 4—8 4-11 88
4-5 26.7-33,4 6—0 3-6 6-10 . .u
779
©. hl&pida has a limited distribution# being 
restricted to the warmer waters along the eastern coasts of 
the United States* Central America* and the west coast of
~ 27 -
Africa. Pacific and Xndo-Pacific record® of this species 
apparently resulted from erroneous identifications of £. 
robusta or g. ferox> two closely related species (Alvarin©, 
1962).
The present collections, in company with the most 
northern record of g. hlsplda (Deevey, 1960), invalidate the 
theory that Cape Hatteras acts as a barrier to the northward 
distribution of this species (Pierce, 1958)• Although this 
temperature barrier is seasonally operative, it is known to 
break down during the summer months (Parr, 1933? Bigelow, 
1933). Additional inshore sampling in the Middle Atlantic 
region will be a prerequisite to establishing the northern 
limit of £. hianida.
Saciitta biounctata Quov and Gaimard, 1827 (Fig. 9)
Body robust, firm, translucent. Tail segment 26- 
33 .percent of total length. Books 7-11? anterior teeth 4-8? 
posterior teeth 5-15, Lateral fins completely rayed. An­
terior fins separated fro® the ventral ganglion by a distance 
less than half the length of the latter. Posterior fins- 
lying slightly more on trunk than on caudal segment, widest 
near level of tail septum. Seminal vesicles divided into 
oval head region and elongated body; situated adjacent to
Fig. 9. Sagitta bipunctata, 12.4 mm total length.
28
caudal fin and widely separated from posterior fins* Collar­
ette large, narrowing to thin layer at ventral ganglion, but 
continuous along body to just before seminal vesicles, where 
a slight expansion of the collarette is evident* Gut diver- 
ticulae absent * Formulae s
Total Tail segment Ant. Post. Ho* of
teoath ivm) 1% total length) Books teeth .teeth. soecii
Virginia specimens«
12—13 25*9-29*0 9-11 5-8 10-15 4
10-11 26.4-27.9 9-10 6—8 12-14 2
8-9 27*8 8-8 5-5 10-12 1
4-5 30.0-33.3 7-9 4-5 5-8 2
9
Cuba (Suares-Caabro, 1955)s
13 26.9 8 6 11 1
11 27.2 9 6 13 1
9-10 25.3-29.0 8-10 5-7 11-14 11
8-9 22.7-32.2 8-10 5-7 9-15 16
7-8 26.7-29.1 8— 10 4-7 11-12 4
5-7 28.3-32.0 8-10 6-9 8-11 *,„JL
38
Australia (Thomson, 1947)t
16-18 22-24 8-10 6—7 11-13
14-16 24-25 8-10 5-7 8-16
12-14 23-25 8-9 5-8 10-16
10-12 22-26 8-9 5-7 11-15
8-10 25-26 9-10 6-7 10-11
6-8 25-26 7-a 2—6 3-11
4—6 26-27 6-9 2-5 3-8
2-4 27-29 6-7 1-2 1—2
£* eleoans and £. setose were often erroneously 
identified as £. bfonnctata by earlier European workers, 
causing much confusion in the literature* The otherwise
excellent memoir by BurfieId (1927), supposedly dealing
- 29 -
with S.* biounctata, most certainly was based on specimens of 
&• gBtoaa. as evidenced by the figures accompanying the work* 
and probably some S,* eleaans as well. These mis identifications 
resulted in S.. biounctafca being reported as a neritic species. 
Actually it is quite oceanic in character.
Locally* S.. bipunctata is reported by Bigelow (1915), 
but was not mentioned by Bigelow and Sears (1939). Pierce 
(1953) found it most abundant beyond the 100 fathom line off 
Horth Carolina and termed it an indicator of Florida Current 
water• Its presence over the inner shelf off Virginia* simi­
larly, may be indicative of the recent mixing of Gulf Stream 
water.
Fterosaaitta draco Krohn* 1853
Body short* robust, opaque. Tail segment very long, 
over 40 percent of total length. Books 8-9? anterior teeth 
3-7? posterior teeth 6-12. Single pair of lateral fins, 
lying entirely on tail segment. Fins completely rayed.
Bone of Virginia specimens mature* seminal vesicles not visi­
ble . Collarette very wide * extending to lateral fins* and 
composed of large clear cells 40-69 microns in diameter.
All Virginia specInessa possessing gut diverticula®, whereas 
other authors have reported the absence of these structures. 
Formulae?
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Total Tail segment 
length (ram) i% total lencrth) Hooks
tat.
teeth
Post.
teeth
Ho. of
.....SMdWM.
Virginia
7.3
6.4 
5.1
4.8
specimens *
43,6
42.0
41.8
42.3
8-9
9-8 
8-8
9-8
7-7
7-7
4-4
3-3
11-12
10-10
6-7
6-6
1
1
1
.. Ir.
4
Honduras
6.5
3.5
(Suare -Caabro and Madrvtga, 
43.2 9-9 
42.8 8-8
1960)t 
8-8
4—4
12-12
8—8
1
2
Fowler (1906)t
9 44 
8 43-50 
7 43-57 
6 41
8
8-9
7-9
7
9
8-9
7-19
8
79
12-16
11-15
12
JL* draco is a cosmopolitan species cof®on to tropical 
and subtropical oceanic waters. It has previously been re­
ported from Virginia waters by Bigelow (1915) and Bigelow 
and Sears (1939), who described it as an indicator of the 
invasion of slope water onto the continental shelf.
Collections from shelf waters often yield specimens 
in poor condition, with the collarette either missing or 
partly torn off. The identification of the Virginia specimens, 
although in this condition, was relatively simple because of 
the proportionally long tail segment.
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Krohnitta pacific© Aida, 1897
Body firm, translucent. Head no wider than an- 
terror portion of trunk, with a single paired row of teeth 
and close-set hooks. One pair of lateral fins, partially 
rayed, subequally situated on trunk and caudal segment, 
widest behind tail septum. Seminal vesicles suboval, ad­
jacent to both caudal and lateral fins, the last rays of 
the latter extending over the vesicles on we11—preserved 
specimens. Ovaries extending to the ventral ganglion and 
containing large cuboidal ova (a single row of eight ova in 
each ovary in a 5.4 mm specimen). Ho tooth counts were made 
on the five Virginia specimens. The following counts and 
measurements are from Sund (1959)*
Total Tail segment
crth (mm) (% total length) Hook© Teeth
7.2 31.9 7 11
6.8 33.8 7 13
6.8 31.8-31.9 7 13
6.4 35.9-37.5 7 14-15
6.3 30.1 7 12
K. pacific© ha© been reported from Honduras to 
Horth Carolina in the western Atlantic. The present col­
lections constitute a northward extension of the known 
range in these waters. The most northern stations from 
which it was taken are located at latitude 37° 20* H.
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The previous northern record is that of Fierce (1958), who 
collected it from a station 11 miles east of Oregon Inlet,
Horth Carolina*
K. subtills was reported by Bigelow and Sears (1939) 
from the edge of the continental shelf north of the present 
sampling area* This species is characteristically an inhabit­
ant of deeper water, however, and was not taken in the Virginia 
collections.
RELATIVE MID SEASOHAL ABUNDANCE 
A total of over 73,000 chaetognaths were counted 
from all samples utilised in this study. Of these, aliquots 
totaling 15,000 were identified. The Clarke-Busnpus samples 
ultimately used for analyses contained over 15,000 specimens.
Average monthly catches greater than one chaetognath 
per cubic meter ^  occurred from September through February, 
and again in May (Fig. 10). Lower average catches occurred 
from March through August (excepting May). The peak of 
abundance occurred in December and the low in July. These 
results are th© reverse of those given by Bigelow and Sears 
(1939) for ?ooplankton as a whole in the waters from Cape Cod 
to Chesapeake Bay, where the zooplankton volume was high in 
summer and low in winter. On the other hand, there is good 
agreement with the zooplankton volumes determined for the 
Martha's Vineyard area (Clarke and Einn, 1937). The zoo- 
plankton volumes from the present collections reached a 
seasonal maximum in late summer and fall, after a low in
(*•) Estimates of numbers per cubic meter are minimal because 
of the manner of calculationi volume of water strained 
was calculated as the maximum amount that would pass 
through a hoop of appropriate diameter during a standard 
tow (20 minutes at 3 knots), without correction for 
backwashing due to resistance of the netting and assoc­
iated clogging.
TasinjQ on
t) i 1 Wi ( M i l l )  H 1. 1 H ' . j  i V O
Fi
g.
 
10
. 
Se
as
on
al
 
ab
un
da
nc
e 
of
 
al
l 
ch
ae
to
gn
at
hs
 
co
mb
in
ed
.
- 34 ~
April (Tam, personal communication). Thus, the seasonal 
maximum and minimum in zooplankton volumes preceded those 
of chaetognath abundance by three to four months.
fielativc Abundance of Species
The predominance of S* serratodentafca (Table 1) 
and S.. eleaans in Virginia waters is in agreement with 
previous regional studies. The fact that Bigelow and Sears 
(1939) found the abundance of these two species reversed may 
in part be explained by their infrequent sampling, which 
missed the peak of abundance for &. serratodentata. Another 
possibility, ably demonstrated by the same authors, is the 
annual variation in the abundance of jS. elecrans in this, the 
southern limits of its range. The year 1969 may well have 
been one of relatively low abundance. Deevey (1960) found 
these two species, along with 25. enflata. to be the only 
regularly occurring ehaetognaths in Delaware Bay.
23. tenuis and 25. onflata, about equally abundant 
in the Virginia samples, would have more nearly approached
S.. eIeoana in relative abundance had it been possible to 
conduct an October cruise. The peak of abundance for both 
these species fell on or near that month. It is doubtful, 
though, that a change in the ordering of species would have 
resulted. Bigelow and Sears (1939) found £. enflata much
Table 1. Relative abundance of
fipg-Ciog Relative Proportion
10,000 
3,050 
1,650 
1,440 
240 
120 
60 
9 
3 
1
$leq&ft8 ......................
enflata .....................
lselenae ................ .
. ...
hlsplda .....................
draco .......................
m s A i l s ® . .... ...............
btpunctata ..................
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less abundant (but the only other chaetognath of importance) 
than either JJ. s err a toden ta ta or 55. eleaans. S.. tenuis. the
third most abundant species in Virginia waters, has not 
previously been reported from the Middle Atlantic region.
It is one of the most abundant species in the inshore waters 
of North Carolina (Pierce, 1958).
S.* helenae. §,. minima. and S.. hisoida have all been 
reported by Deevey (1960) as appearing briefly outside Dela­
ware Bay. Hone of these were included in the report of 
Bigelow and Sears (1939).
The remaining three species (J». draco. K. oacifica. 
and j3. bjpunctata) were rare in Virginia samples. Bigelow 
and Sears (1939) found j># draco at stations along the outer 
half of the continental shelf* It was also identified, as 
was S.. biounctata. in an earlier study by Bigelow (1915) .
Seasonal Abundance
J5. serratoclentata demonstrated a marked seasonal 
change in abundance (Fig. 11). The mean monthly catch 
dropped from 1.63 per cubic meter to zero in June and July.
It reappeared in August in small numbers, increasing to a 
seasonal maximum of 4.30 per cubic meter in December. This 
seasonal variation compares to a high in February and April
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recorded by Bigelow and Sears (1939), followed by a decline 
to a fairly even level of abundance through the remainder 
of the year.
S.. elagans was present throughout the year, but 
only in trace numbers from July through December. The peak 
of 1.32 per cubic meter was reached in May (Fig. 12). These 
results are similar to those of Bigelow and Sears (1939), 
who postulated the.annual spread southward of this species 
and its decrease or disappearance in early summer with the 
advent of warmer temperatures. That northern stocks may not 
be the only source of the local populations is suggested by 
the content of an extra tow made on August 31, 1960. This 
haul, taken at 100 feet below the surface 20 miles east of 
the regular sampling area, yielded the largest catch of j|. 
elecrans recorded at any time during the year (22.8 per cubic 
meter). This will be further discussed in the section on 
temperature relations.
£. tenuis (Fig. 13) was absent from February 
through June, reappearing in July and becoming the dominant 
inshore form. It reached a peak of abundance (0.93 per cubic 
meter) in September. Along the west coast of Florida, it was 
taken in largest numbers during winter and spring (Fierce, 
1951).
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Fig. 12. Seasonal abundance of Sagitta elegans. Tr = trace 
numbers (less than 0.005 per cubic meter).
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£. enflata (Pig. 13) was absent during the cold 
months of February through May, reappeared in June and in­
creased to became the dominant species in July and August*
Its seasonal maximum (0.63 per cubic meter) occurred in 
September. This warm-water distribution agrees with the 
findings of Bigelow (1915), Cowles (1930), Bigelow and Sears 
(1939), and Deevey (I960) in the Middle Atlantic region.
This species has a maximum off Florida in summer (Owre, 1960)• 
jS. helenae was taken from July through September, 
and was most numerous in August. Except for a few specimens 
found in December collections, the species was absent through­
out the remainder of the year. Deevey (1960) identified S.. 
helenae from material taken in November outside Delaware Bay.
S.. minima occurred only in fall and winter col­
lections , the largest numbers being taken in December. This 
species was also reported, from November collections taken 
outside Delaware Bay (Deevey, 1960). It has a seasonal 
maximum in August off Miami {Owre, I960).
S. hia.plda occurred sporadically throughout the 
year? largest catches were taken in November. Deevey (1960) 
recorded it from Delaware waters in October, November, and 
January. Owre (I960) noted indications of both spring and 
fall maxima off Miami.
- 38 -
The remaining three species occurred hut rarely? 
£* draco in November and December? £. pacifies in July, 
August, and September? and fi. biounctata in August at a 
special station 100 miles from shore, and at a regular 
station in November*
- 39 -
DEPENDENCE ON PHYSICAL FACTORS 
The restriction of certain chaetognath® to parti­
cular water masses, to mixed water, to certain depths or 
latitudes, and the resulting value of these organisms as 
indicators is well documented (Bary, 1959? Bieri, 1957, 1959? 
Bumpus and Pierce, 1955? Fowler, 1906? Fraser, 1937, 1952? 
Hida, 1957? Moore, 1949? Pierce and Was®, in press? Redfield 
and Beale, 1940? Russell, 1925, 1928, 1935, 1939? Sund, 1961? 
Sund and Renner, 1959). Few authors, however, have attempted 
to define the environmental limits necessary to the survival 
of the various species, beyond listing the temperature and 
salinity ranges in which catches were made, h recent corre­
lation of fish larvae catches with those of chaetognaths 
(Fraser, 1961) is in this respect premature, as the common 
factor to which both groups are responding remains undeter­
mined ,
Temperature and Salinity
The statistical procedure herein employed for 
temperature and salinity relationships to catches of chaeto­
gnath® assume® that highest catches of a given species will 
be taken from water having physical characteristic® close to 
optimum for that species? and further, that successively 
lower catches will be taken from physical environments that
- 40 -
approach tolerance limits of the species. Acceptance of 
these assumptions allowed the arrangement of catch data into 
frequency distributions {weighted by size of catch) within 
temperature and salinity class intervals. Standard statisti­
cal methods of analysis were then employed to obtain the 
statistics necessary for comparison among species. With this 
analysis, the resulting mean is an estimate of the optimum 
temperature or salinity, and the associated statistics 
{standard deviation and range) are estimates of species toler­
ance .
The graphical method of Hubbs and Bubbs (1953) has 
been used in Figs. 14 and 15 to compare the temperature and 
salinity relationships calculated for the seven most common 
Virginian species* Fig. 14 demonstrates the wide difference© 
in temperature requirements among these chaetognaths, varying 
from the cold-water eleaans to the tropical and subtropical 
S. helenae. The latter species was most numerous in the 
warmest waters encountered (frequency distribution not normal), 
resulting in the standard deviation exceeding the upper range. 
The narrow tolerance of j£. minima as compared to the wide 
tolerances of £. hispida. £. enflata, and §,. tennis Is 
noteworthy. The sizes of these sample© range from SS
i r
S. tenuis
S. enflatg
S. hispida
i 1 r
S. helenge
**
H
S. min.
S. serrgto.
S. eleg.
1 I I l---- 1---- 1---- 1---- 1---- 1---- 1---
8 10 12 14 16 18 20 22 24 26 28
TEM PERATURE (#C.)
Fig. 14. Comparison of optimum temperature estimates and 
tolerance limits for the seven most common 
Virginian chaetognaths. Horizontal line = range; 
hollow bar = one standard deviation on either side 
of mean; solid bar = two standard errors on either 
side of mean.
S. serratodentata
S. minima
S. hisp.
S. eleqans
S. enflata
S. hel.
S. tenuis
n 1-----1-----1----- 1-----1----- 1----- 1----- 1----
18 20 22 24 26 28 30 32 34 36
S A L IN IT Y  (%0)
Fig. 15. Comparison of optimum salinity estimates and toler­
ance limits for the seven most common Virginian 
chaetognaths. Explanation as in Fig. 14.
IL* hispida to 9185 jS. .serratodon.tata and are reflected in 
the size of the standard errors of the mean.
The salinity requirements shown in Fig. 15 varied 
from a low for the neritic j§. tenuis to highs for the species 
more oceanic in character. The narrow tolerance of jS. minima 
is striking when compared to the euryhaline tenuis. J3.
eleaans. although tolerant of low salinities, was found in 
greater abundance in more saline waters.
It is not expected that the absolute values herein 
arrived at will be directly comparable to those obtainable 
elsewhere, due to difference® in temperature and salinity 
characteristics in other waters. The comparisons among 
species, however, should be useful as an appraisal of their 
tolerance to lowered salinity and to varying temperatures.
pay-nlcrht, Sur f ace -bottom Catches
The monthly catch data were grouped into four cate­
gories s daylight-surface, night-surface, daylight-bottom, 
and night-bottom (Table 2). Some degree of net avoidance is 
suggested in that daylight tows were consistently less suc­
cessful than were night tows (dawn and dusk tows were omitted). 
The data also suggest diurnal migration. The daylight tows, 
generally, were more successful when made near the bottom,
Table 2* The percentage of successful tows by months in
four categories of samples for all chaetognaths.
Month
*1960*
Day
surface
Hight 
.surJace.
Day
bottom
Bight
bottom
Jan. 42.9 100.0 52,3 83*3
Feb. 50.0 85.7 76.5 85.7
Mar. 53.3 100.0 80.0 100.0
Apr* 29.4 83.3 70.6 100.0
May 33.3 100.0 83.3 100.0
June 21.1 0 16.7 50.0
July 53.3 87.5 20.0 25.0
Aug. 93.8 100.0 100.0 66.7
Sept. 80.0 100.0 100.0 100,0
Oct. no CHOisB — ~ - ~ ~
Bov. 91.7 100.0 Gulf 111 only
Dec. 80.0 100.0 75.0 75.0
Averages 57.2 87.0 67.5 78.6
- 42 -
whereas the reverse was true with night tows * Certain dis­
crepancies and trends in the monthly data# however# pointed 
to species differences*
Catch-per-nnit-effort data for the seven most 
abundant species by months and in the four categories described 
above are presented in Table 3. Results of this analysis will 
be included under the discussion of individual species below.
Relationships of IndjLviduftl, Species to Physical Factors
£. serratodentata {Fig. 16) is# in this region# a 
cold-water species with an optimum between 9° and 10°C* only 
slightly higher than that of slogans. This temperature 
relationship reinforces the earlier statement that this popu­
lation is most comparable to the subspecies tasmaniea. Al­
though occasionally taken at the mouth of Chesapeake Bay, it 
is more oceanic in habitat than any of the other common 
species# having the highest optimum salinity.
Predominantly a surface form# this species is two 
to four times as abundant in surface catches as in bottom 
tows. Surface catches at night were double those in the 
daytime# whereas there was little day to night difference 
in the size of catches near the bottom* There was evidence 
of diurnal migration only in March and August.
Table 3. Average catch per tow of the most ccmon Virginian 
chaetognaths in sample categories. Dawn and dusk 
tows are omitted. Tows are 2(Hainute Clarke-Buipus 
hauls at 3 knots.
b s&astsr
Mala,
Dav Biaht
b
eiegans
.1.-.ft..
£•
tenuis
.. SL. _.M.__
I*
inflate
. JL..~^
£.
D N
b
minima 
D R
b
hispjda 
D R
JAB surface
bottom
47.6
45.5
20.7
14.7
0.5 8.2 
0.8
0,3
0,6
0.1 0,3
....
0.1
0.3
FEB S
B
1.5
4.5
126.4
22.1
0.2 3.6 
4.8 44.1 0.3
0.1
.0,1,._
BAR S
B
0.9
8.4
11.7
3t7
1.1 9.0
8.9 17.3
m S
B
0.1
0.5
1.2
1.3
0.4 3.7 
15.4 20.3
MAY S
B
0.6
0.3
12.5
1.5
0.9 7.2 
56.8 46.2
JOB S
B
0.2
9.3 10.5
1.0
. 0,2 1,0. _
sm S
B 0,1 0.4
0,7 2.1
0.1
4.7 4.2 0.1 0.5 
_i,l_ _ _ _
m S
B
0.1
1.4
1.0
9.2 M  ..
3.2 4,8 
7.1 0.7
13,8 0.7
3.6 0.7 .
8.2 0.3
1.3
0.2
0,2
OFT 3
B
0.1
0,2
3.4
1.6 0.8
6.2 64,0 
20.5 13.6
15,5 11,8
.I3 J „ I 0 A _ .
3.2 0.2
0.4 0.2
0,3
0.4
OCT S
B
HO CRUISE -- ---—
OT S
B
15.8 132.7 0.1 0.1 5.3 24.2 3.0 3.9 
Bottom tows made with Gulf HI samplers onlv ***
0.3 0.2 0.8 2,9
i «•» mum «* ** * mt tmm mmm
DEC S
B
152.0
43.9
132.0
52,5 _lii____
7.0 7.0 
2.7 0.5
2.5 4.0 
8,3 12.8 r .
0,8
0.2
1.9 2.2
1.9 4.0
0.2
0.2
Mean M s 19.8 f] i 2.0 3.7 1.0 0.2 0,1
Bean M s 40.1 2.2 9.3 2.3 0.2 0,2 0,3
Mean Ms 10.5 9.7 3,1 2,9 0,2 0.2 tr
lean 8-Bs 9.8 13.9 1.5 2.6 tr 9,4 0.1
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£* elegapg (Fig. 17), a <x>ld~water species, showed 
the lowest optimum temperature, between 8 and 9°C. This 
relationship corresponds perfectly with the result© of 
Bigelow and Sear© (1939), who found the largest catches of 
£* piemans in waters 9~X0°€. These authors hesitated, because 
of the inherent variability of catch data, to- assert that this 
temperature range constituted the optimum for the specie©. 
Strengthened by the similarity of our results, this assertion 
can now, 1 believe, reasonably be mad#*
The extra tow in August that caught large numbers 
of £. eleaans (referred to earlier) sampled water having a 
temperature of 14°C. ta easterly transect from the mouth of 
Chesapeake Bay described by Bigelow (1915) revealed a similar 
body of cold water (down to 6°C) on the continental slope* 
Subsequent studies revealed that this cold water mas® is 
regularly present in these latitudes* The temperatures of 
this water are well within the tolerance limits for £* elegants# 
which may well survive the summer m  a large population in 
this water mas®.
Although gj* eleqana is tolerant of reduced salinity, 
being taken in Chesapeake Bay and York River from February 
through April, the largest numbers were caught further offshore 
in waters of higher salinity# In view of the present results
■ ' ’---- t r  ^ -^----1---- 1-----1---- 1---- 1 l 1 ! r
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and the known seasonal distribution of this species, Cowles’s 
{1930) identification of small specimens taken within the bay 
in summer and fall as £. slogans is questionable, the presence 
of jl* tenuis {a smaller species) is much more likely at that 
time of year.
The vertical distribution of 3. elagans {6-32 times 
more abundant in bottom tows) agreed with the results of Bigelow 
and Sears (1939). The average surface catches at night were 
seven time© those in daylight, but since bottom catches also 
increased at night there is little evidence for diurnal mi­
gration .
JL* tenuis; (Fig. IS) showed a wide tolerance to both 
temperature and salinity, although the optimum temperature 
was fairly high, the species was also taken in reduced number© 
in relatively cold waters. Its salinity optimum was the lowest 
among the seven specie© analysed. It was present in Chesapeake 
Bay in August# September, November, and December. In this 
report it is the warra-water counterpart of £. slogans. numbers 
decrease with distance from shore, although it is tolerant of 
higher salinities.
Average surface catches at night were about four to 
five times the ©Ies of those in daylight. Bottom catches, 
however, were twice as large in the daytime as at night*
•■***>
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Ther® is good evidence £or diurnal migration in this - species 
in that surface day catches were consistently less than sur­
face night catches, whereas bottom catches were higher in 
the day than at night* Bone of the remaining specie® ©how 
such evidence*
JL* enflata (Fig* 19) 1© a warm-water species with 
a wide temperature tolerance# similar to that of j|* tenuis *
It® salinity optimum and tolerance are quite different, how­
ever, reflecting its oceanic character* Catches tended to 
decrease towards shore* Its slightly lower salinity optimum 
estimate, a© compared to that of J5. slogans * is due to its 
abundance in surface layers* She catches showed some indi­
cation of a reversed diurnal migration, the highest catches 
being taken during the day at the surface*
IL» hslenae (Fig* 20) was most abundant in the 
warmest wafers encountered, its optimum temperature probably 
being realised in more tropical climates* although it® 
salinity optimum was quite low, it showed a wide tolerance 
to change® in this factor* Probably restricted to the- sur­
face by its high temperature requirements, it was most abundant 
in daytime surface tow#.
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£. minima (Fig* 21) is a stenothermal# stenoh&line 
species that showed little difference in abundance with depth 
or available light* This species may be a good indicator of 
slope water intrusion onto the shelf*
£* hlspida (Fig* 22)# a eurythermal species# was 
not taken inside Chesapeake Bay and showed a somewhat higher 
salinity requirement than did £. tennis * This is due mostly 
to the November collections# which revealed a wide dispersion 
©f H. hiaolda over the survey area, normally# the species 
was restricted to the close Inshore stations.
P. draco was taken in temperatures 10.18-15.55°C 
and salinities of 29.27-31.75 °/©o. lit each occurrence, 
density isolines for the cruise indicated an Intrusion of 
lighter water from further offshore.
S* pacifflca was restricted to temperatures of 
23.73—25.51°C# but was taken in a wide range of salinities 
(28.75-34.96 °/oo) » £. biwanctafca was taken only once in
the regular survey area (14.310C# 32.66 °/oo)• It was the 
dominant species in a special tow taken from surface waters 
100 miles east of Cape Charles in Haguet*
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Ten species of chaetognathe were identified from 
plankton collections taken from the inner continental shelf 
waters off Virginia in 1960* These were, in order of rela~ 
tive abundance, Saqlttn aarratodentata, £. elegans. £. .t^ jpals, 
S. pjpglatfl, £. helenae, £. minima. £. hlsplda, £tgrosaa£tta. 
draco. Krohnitta paclfica. and £. bipunctata. A key to the 
identification of these species is presented*
Tooth counts and the structure of the seminal vesi­
cles in Virginia specimens of £• serratodentata show sub­
specific differences from Cuban examples of this species*
The Virginia populations are most similar to JL* &* taemailica 
Thomson, whereas the Cuban specimens are apparently £. jl* 
atlanfeica Tokioka. The morph©logical differences are aug­
mented by the- cold-water requirement demonstrated by the 
local population* Delineation of the ranges of these two 
subspecies in the western Atlantic must await publication 
of tooth count© and description® of £. geryatodentata from 
other areas along the eastern coast of the United States*
Seasonal, vertical, and horizontal distribution of 
JL* oieoana as described in this study confirms, in general, 
the earlier results of Bigelow and Sears (1939)• Survival 
of this species through the summer in these latitudes, however#
- 48 -
is suggested by the collection of large -numbers from deeper, 
colder waters near the edge of the continental shelf in late 
August*
The abundant collections of £* tenuis constitute a 
significant northward extension of its known range along the 
Atlantic coast* The- present specimens display an intermediacy 
and overlapping of several characters that have been used for 
the separation of £* tenuis and £. frlderici* thereby weakening 
arguments for the validity of the latter and lending support 
to the earlier synonymy of Bierce {1951). Foremost among 
these characters are Tokioka*© TC values, the maximum body 
length, the number of teeth, the extension of the ovary, and 
the size at maturity*
Absent during the colder half of the year, ft* tenui^ 
was the dominant inshore species in warn months, and was taken 
at Chesapeake Bay stations from August through December.
£* enflata. with a temperature tolerance similar to 
that of £* tearmia* was also absent during the coldest months* 
Its salinity optimum occurred farther offshore, however, with 
catches decreasing at inshore stations.
S. helenae was restricted to the warmest waters en­
countered, except for a few specimens taken in December. Al­
though quite common when present, it was rarely dominant in 
any given collection.
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JL- minima showed a narrow tolerance to changes in 
temperature and salinity, being restricted to offshore sta­
tions in fall and early winter collections* It was present 
during neither the warmest nor the coldest months.
£* hiepida* a eurythermal species, was taken most 
commonly at close inshore stations except in November, when 
it was spread over most of the sampling area*
The remaining three species (JL* Mnanetata* j?* 
draco* and K. pact flea) were rare in occurrence* Catches of 
H* Pacifica extend its known range northward *
Seasonal maxima occurred in May for JL* elagans * in 
August for £. helenae* in September for JL* typuis and £* 
enflata. in November for £* his pi da* and in December for 
£. agiaiajatioRt&la and £. minims.
h simple method fox estimating from catch data the 
temperature and salinity optimum© for the several species 1© 
presented* Comparison of the temperature optimums revealed 
a gradation from the cold-water £* eleaaps. to the tropical 
JL* helenae* whereas the salinity optimum© varied from the 
neritic £. tenuia to the snore oceanic £. gerratodgnfea.fea.
Reliable evidence of diurnal migration was found 
for JL* tenuis only* The sampling methods used were not, 
however, designed to test for this phenomenon, so its inci­
dence In the remaining species Is not ruled out.
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The seasonal similarity of the Virginia fauna with 
that off North Carolina 1® biological evidence for a break­
down of the Cape- Hatteras temperature barrier during the 
warm months# confirming the conclusions drawn from physical 
data by Barr (1933) and Bigelow (1933). The distinctivenes® 
of Virginian and Carolinian water types and their associated 
chaetognath populations (Bumpa® and fierce# 1955), 1® not 
restored until winter# i^ hen cold temperatures eliminate the 
"Carolinian” species from Virginian waters*
— 51 —
bm m xm ,
m m ,  b*
BXEBX# R.
BXGEBOW#
LITERMTJEE CITED
A. 1962* Taxonomic revision of Saaitta robusta 
and Saaitta ferox Doncaster# and notes on their 
distribution in the Pacific* Pacific Sci* 16*186- 
201.
M. 1959. Species of zooplarikton as a means of 
identifying different surface waters and demon­
strating their movements and mixing* Pacific Sci* 
13*14—54*
1957* The chaetognath fauna off Peru in 1941* 
Pacific Sci. 11*255-264.
1959, The distribution of the planktonic Chaeto- 
gnatha in the Pacific and their relationship to 
the water masses. himnoX. Oceanog. 4*1-28.
Um B. 1914, Explorations in the Gulf of Maine#
July and August, 1912# by the 0, S* Fisheries 
Schooner Grampus. Oceanography and notes on the 
plankton. Bull. Mas. Comp, ^ool* Harvard 58(2)* 
31-147.
. 1915. Exploration of the coast water between
Nova Scotia and Chesapeake Bay# July and August# 
1913, by the TJ. S. Fisheries Schooner grampus. 
Oceanography and plankton. Bull. Mas. Comp.
ZooI, Harvard 59(4)*151-359.
BIGELOW,
BIGELOW,
BQMPUS,
BlfRFIELD,
-  52 -
H. B. 1922, Exploration of the coastal water off
the northeastern United States in 1916 by the 0. S* 
Fisheries Schooner Grampus. Bull. Mus. Comp. Zool. 
Harvard 65(5)*87-188.
. 1926* Plankton of the offshore water® of the
Gulf of Maine* 0* S. Bur. Fish. Bull. 40, pt. 1,
509 p.
. 1933. Studies of the waters on the continental
shelf, Cape Cod to Chesapeake Bay. I. The cycle of 
temperature. Paper© Phys* Oceanog. Meteorol. 2(4)* 
1-135,
H. B. and MARY SEARS* 1933. Studies of the waters 
of the continental shelf, Cape Cod to Chesapeake 
Bay. III. A volumetric study of the sooplankton.
Mem. Mua. Comp. Zool. Harvard 54*103-378.
». F* and E* h. PIERCE. 1355. The hydrography and 
the distribution of chaetognaths over the continental 
shelf off Horth Carolina, p. 92-109. Jn Papers in 
Marine Biology and Oceanography, Supplement to Deep- 
Sea Research, vol. 3.
S. T* 1927. Saaitta. Liverpool Mar. Biol. Comm.
Mem • 2© 11—104,
-  53 -
CfoARKl, G« h., B* L, PIERCE, and D, F. B0MPDS. 1943, The 
Distribution and reproduction of Saaitta eleaan© 
on George0 Bank in relation to the hydrographical 
condition®, Biol. Ball. 85*201-226.
CXARKB* G. ti. and D. 3IH0. 1937. Seasonal production of
sooplankton off Woods Bole with special reference 
to Calanus fjnmarchicus. Biol. Bull. 73*464-487.
COSIAKT, F* S. 1896. Hotes on the chaetognaths. Ann. Mag, 
Hat. Hist. Ser, 6 , 18*201-214.
COWLES# R, P. 1930. A biological study of the offshore
waters of Chesapeake Bay. 0. S, Bur. Fish. Bull, 
46*277-281.
0AKXW, W„ J. and A. H. COLEFAX. 1940. The plankton of the 
Australian coastal waters off Hew South Wales, 
Pufol. Univ. Sydney, Dept, Sool. Monogr. Ifpart 1)s 
83-70.
PEEVEYf GEORGIM-IA B, 1960. The sooplankton of the surface 
waters of the Delaware Bay region. Bull, Bingham 
Oceanog. Coll, 17(2)*1-53,
FA1JRB, M* 1*. 1952, Contribution a 1‘etude morph©logique
©t foiologique de deux chaetognatbee do® eaux 
atlantiques du Maroct Saaitta frideriG.i Ritter- 
Zahony ©t Saaitta foiounctata Ouoy et Gaimard.
Vie et Milieu 3*25-43,
- 54 -
FISH, C* J. 1925, Seasonal distribution of the plankton of 
the Woods Hole region, tf. S. Bur. Fish. Bull. 411 
91-179.
FOWLER, G» H* 1905. Biscayan plankton collected during a 
cruiae of H. M. S. Research. 1900. III. The 
Chaetognatha. Tran®. Linn. Soc. London 10*55-87.
. 1906, The Chaetognatha of the Sifooga expe­
dition. Siboga Exp. Repts. 21*1-86.
FRASER, J. H* 1937. The distribution of Chaetognatha in
Scottish waters during 1936, with notes on the 
Scottish indicator species. J. Intern. Counc. 
Bxplor. Sea 12*311-320.
. .. 1952. The Chaetognatha and other zooplankton
of the Scottish area and their value as biological 
indicators of hydrographical condition©. Scot. 
Bmm Dept, Mar. lea.. Mo. 2, 52 p.
. 1957. Chaetognatha. Fiches d*identifi­
cation du zooplancton. Sooplankton, sheet 1, 6 p. 
Intern. Counc. Explor. Sea.
. 1961, The survival of larval fish in the
northern Morth Sea according to the quality of the 
sea water, J. Mar. Biol. Assoc. 0. K. 41*305-312.
~  55 -
F0RBBSTXB, M. X*. 1953. Sur quelques chaet ognathcs <3‘Israel.
Sea Fish. Research St&t., Caesarea, Bull. 6*411-414.
. 1957. Chaetogtiafhes et zooplancton du
secteur Atlantiqu® Marocain. Rev. Trav. Inst.
Peches Merit. 21*1-356.
HXDA, T. S. 1957. Chaefcognaths and pteropods as biological 
indicators In the Borth Pacific. 0* S. Fish Wildl. 
S@rv.# Spec. Sci. Rept. Fish. Mo# 215, 13 p.
HOBBS, CARL £>. and CLARK HOBBS. 1953. An improved graphical 
analysis and comparison of series of samples. 
Systematic Zool. 2*49—56.
HUOTSMAH, A. G. 1919. Biology of Atlantic waters of Canada.
Some quantitative and qualitative plankton studies 
of the eastern Canadian plankton. 3. A special 
study of Canadian chaetognatha, their distribution, 
etc., in the waters of the eastern coast. Canad. 
Fish. Ixped., 1914-1915, Dept. Baval Sci., p. 421- 
485.
JOSEPH, E. B,, W. H. MASSMABB, and J* J, BORCROSS. 1960.
Investigations of inner continental shelf waters 
off lower Chesapeake Bay. Part I. General intro­
duction and hydrography. Chesapeake Sci. 1*155-167.
JOSEPH,
MASSHANK,
MICHAEL,
MOORE, H.
NORCROSS,
- 56 -
3., W. B. MASSMANH, and J. J. KORCROSS. 1981. 
Hydrographic data from the Atlantic plankton 
cruises of the R/V Pathfinder. December 1959 - 
December I960. Virginia Inst. Mar. Sci., Spec.
Sci. Rept. 18, 23 p.
W. B*, J, J* NORCRGSS, and E* B. JOSEPH. 1962. 
Atlantic menhaden larvae in Virginia coastal waters* 
Chesapeake Sci. 3*42-45.
E. L. 1908. Botes on the identification of the 
Chaetognatha. Biol. Bull. 15*67-84.
. 1919. Report on the Chaetognatha collected
by the 0. S. Fisheries Steamer Albatross during 
the Philippine Expedition, 1907-1910. Bull. TJ. S. 
Hat. Mus. 10O, 1(4)*235-277.
B. 1949. The ©ooplankton of the upper waters of 
the Bermuda area of the Borth Atlantic. Bull. 
Bingham Oceanog. Coll. 12(2)*1-31.
J. J*, W. H. MASSMANH, and 1, B. JOSEPH, 1961a. 
Investigations of inner continental shelf waters 
off lower Chesapeake Bay. Part II. Sand lance 
larvae, Ammodvtee amerlcanug. Chesapeake Sci. 
2*49-59.
korcross, j. j*, w. a* m s B m m ,  and s, b. joseph. m i b .
Gear data report from Atlantic plankton cruises 
for the R/V Pathfinder* December 1959 - December 
1960. Virginia Inst. Mar. Sci., Spec. Sci. Rept.
19, 9 p.
OWKB, H. B. 1960. Plankton of the Florida Current* Part 
VX. The Chaetognatha. Bull. Mar* Sci. Gulf and 
Carib. 10*255-322.
PARR, A* E* 1933. A geographic - ecological analysis of the
seasonal changes in temperature conditions in shallow 
water along the Atlantic coast of the United States. 
Bull. Bingham Oceanog. Coll. 4(3)*1-90.
FIERCE, B. I*. 19S1. The Chaetognatha of the west coast of
Florida. Biol. Bull. 100*206-22$.
. 1953# The Chaetognatha over the continental
shelf of North Carolina with attention to their 
relation to the hydrography of the area. J. Mar.
Rea. 12#75-92*
- 1954. Motes on the Chaetognatha of the Gulf
of Mexico* 0# S. Fish and Wildl* Serv. Bull# 55t
327-329.
  1953. The Chaetognatha of the inshore waters
of North Carolina. Idmnol. Oceanog* 3t166-170.
PIERCE, E. L. and M. I*. NASS. (In press). Chaetognatha from 
the Florida Current and coastal waters of the south- 
eastern Atlantic states. Bull. .Mar. Sci. Gulf Carih.
REBFXBLD, A. c. and ALICE BEAUS. 1940. Factors determining 
the distribution of populations of chaetognatha in 
th® Gulf of Maine. Biol. Bull. 79*459-487.
RITTER-3AHONY, R. VON. 1310. Westindieche Chatognathen.
53ool. Jb., Suppl. 11(2) *133-143.
. 1311. Chaetognathi. Da® Tierreich
29*1-35.
RUSSELL, F. S. 1925. The vertical distribution of marine
macroplankton. An observation on diurnal changes.
J. tor. Biol. Assoc. 0. K. 13*769-803.
. 1928. The vertical distribution of marine
macroplankton. VI. Further observations on diurnal 
changes. J. Mar. Biol. Assoc. U. K. 15*81-103.
. 1935. On the value of certain plankton
animals as indicators of water movement® in th® 
English Channel and North Sea. J. tor. Biol.
Assoc. U. K. 20*309-332.
. 1939. Hydrographical and biological condi­
tions in the North Sea a® indicated by plankton
organisms. J. Intern• Counc. Explor. Sea 14*171-
-  59 -
SUAREZ—CAABRO, J. A. 1955. Quetognatos de los mares Cubanos. 
Mem. Soc. Cubana Hist. Nat. 22(2)*125-180.
__________________  and J. E. MADRUGA. 1960. The Chaetognatha
of the northeastern coast of Honduras, Central America. 
Bull. Mar. Sci. Gulf and Carib. 10*421-429.
SUND, P. N. 1959. A key to the Chaetognatha of the tropical 
eastern Pacific Ocean. Pacific Sci. 13*269-285.
. 1961. Some features of the autecology and distri­
butions of Chaetognatha in the eastern tropical 
Pacific. Bull. Inter-Amer. Trop. Tuna Comm. 5(4)* 
307-340.
________ and J. A. RENNER. 1959. The Chaetognatha of the
Eastropic Expedition, with notes as to their possible 
value as indicators of hydrographic conditions. Bull. 
Inter-Amer. Trop. Tuna Comm. 3(9)*395-436.
SUTCLIFFE, W. H. 1950. A qualitative and quantitative study 
of the surface zooplankton at Beaufort, North 
Carolina. Unpubl. Doctoral Dissertation, Duke 
Univ., 137 pp.
TAN, ENG-CHOW. Personal communication, July 5, 1962.
TERRY, R .
THOMSON,
TOKIOKA,
V30Jm>CCI#
M. 1961* Investigations of inner continental 
shelf waters off lower Chesapeake Bay# Part III. 
The pborozooid stage of the tunicate Doliolum 
nationalis# Chesapeake Sci. 2*60-64.
J. M# 1947# Th© Chaetognatha of south-eastern 
Australia* Australian Counc. Sci. tnd* Re®. Bull. 
222 (Div. Fish. Rapt. No. 14)*1-43.
T. 1939. Chaetognaths collected chiefly from the 
bays of Sagami and Suruga, with some notes on the 
shape and structure of the seminal vesicle* Rec. 
Oceanog* ffbrk® Japan 10(2) *123-150#
1955. Motes on some chaetognaths from the Gulf 
of Mexico. Bull* Mar. Sci. Gulf and Carib. 5*52-65 
M. and K# HOSOE, 1952. Reaultados cientificos do 
cruzeiro de “Baepandi" e do "Vega" a I* da Trindade 
Chaetognatha. Bol. Inst. Qeeanog. Sao Paulo 3*5-30
